In this study a subroutine was developed and added in the pre-processing module of the frame work of commercial package of ANSYS to distribute the extra masses according to specific assigned centre of gravity (COG). The work further calculate the first bending and torsional natural frequencies of the simplified body in white (BIW) model of automotive in order to maximize these frequencies with final mass constraint. It is found that adding the extra masses symmetrically about longitudinal axis helps to improve the first bending and torsion natural frequencies. However, removing the mass along this axis leads to have higher values in the case of first bending and natural frequencies.
Introduction
More than anything, paying attention to vehicle centre of gravity (COG) is a matter of safety, hence understanding the weight distribution of vehicle, which determines its COG that can affect vehicle performance and safety, is a prominent issue.
It is known that some of the vehicle weight is carried by the front axle and others by the rear axle. That is known as fore-aft weight distribution and it needs to be matched to the size and weight ratings of the front and rear tires, wheels, hubs, brakes, axles and suspensions. The weight can also be distributed towards one side or the other of a vehicle because of the location of various components and equipment. That is known as side-to-side weight distribution and it needs to be equalized to avoid overloading of one side. The third weight distribution is in the up-down direction. Like the fore-aft and side-to-side weight distributions, it is determined by the locations of various components and equipment, such as the body and fuel tank. The COG of a vehicle depends on all three weight distributions. Technically, it is the point where all the weight could be concentrated for purposes of calculating vehicle performance. More practically, it is an indication of how well the weight is distributed. Of the three weight distributions, the location of the COG in the vertical direction is the most important because it affects stability [1] .
Min [2] had used the FEM for analysis and evaluation of minivan body structure. The analysis include static, dynamic, fatigue, crashworthiness and optimization. He used MSC.Nastran software to calculate strength and stiffness in both bending and torsional load cases. In order to consider the effect of tire unbalance and engine idle excitation, normal modal analysis is performed. Wang et al. [3] presented an optimal manufacturing feasible design of material reinforcement of an automotive body for the purpose of improving the rigidity with the least amount of added material. Two optimization techniques, topology optimization and sizing optimization, were used to find the locations for reinforcement.
Tomoya et al. [4] proposed a practical method of mode grouping for high mode density frequency range. Following improvements are achieved: first: approximated estimation of FRF and its sensitivity. Second: determination method of representative mode among modes of a group. The concept of proposed method is explained by an application to a FE model of an automotive BIW. Cui et al. [5] used the concept of multi-material construction that is proper selection of material for the intended part function. Jang et al. [6] applied Computer Aided Engineering (CAE)-based optimization to increase the overall dynamic performance of an automotive body. The thicknesses of the plates consisting of the monocoque body of an automotive were parameterized with design variables for optimization, and the design objective was set to maximize the first torsional and bending natural frequencies.
Adding the gas tanks in design of Natural Gas Vehicle (NGV) is an example of adding the masses on the platform of automotive body structure. Hence, in this study by incorporating a developed subroutine that added in the pre-processing module in the frame work of commercial package of ANSYS, distribution of the extra masses on the platform of simplified automotive body in white (BIW) according to specific assigned COG was investigated and calculation of the first bending and torsional natural frequencies of the simplified model in order to maximize these frequencies with final mass constraint was successfully studied.
Element Type
To predict the behaviour of tubular structures a SHELL163 element is used. To obtain an acceptable result, a size of element of 5 cm by 5 cm was set.
Modelling and Material Properties
First the simplified shell structure of BIW of automotive is developed to test the subroutine with shell structures. The model consists of surfaces to represent the shell structure of BIW. The material of the structure is assumed to be mild steel.
Boundary conditions
As it is illustrated in Fig. 3 , the following boundary conditions were set in order to obtain first bending and torsional natural frequencies. 
Implementing Subroutine
In this study the objective was mainly to examine the added masses on the front platform of BIW, so that the located desired COG is remains. As shown in Fig. 4 , to have the possibility of adding the mass symmetrically, concerning symmetric BIW about X axis, a three potential areas have been selected. Fig. 1 Regions for adding the mass according to desired COG
Computational Process
The type of analysis is selected as modal analysis and by applying the same boundary condition on the initial model, the problem is solved by Block-Lanczos method with defining the number of extracted mode by two for representing the first bending and first torsion of the model.
Results and Discussion
The results are divided into 4 groups, as the distance of extra mass from origin of BIW is set to 80, 85, 90 and 95 cm. Fig. 6 illustrates the different chosen position of the extra mass along X-direction in order to have an idea of the effect of distance.
Fig. 6 Different position of the extra mass along X-axis
Additionally, in each group, eight cases of deviation from original COG are examined. Four cases are performed on positive direction along X-axis and the other four on negative. The deviation value was set to 1 cm. In each incremental deviation, also four different positions of extra mass along Z-axis, namely as 0, 50, 55 and 60 cm, were tested. However, it was found that the first bending and torsional natural frequency in the case of symmetrical extra mass in the positions of 50, 55 and 60 are similar. The derived graphs in the case of XC = 8 cm (desired COG is set to 8 cm along X-axis). Subsequently, the position of extra mass along Z-axis can be reduced to two cases; symmetric about X-axis and on X-axis ( Fig. 7) .
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As it mentioned in section VIII, the results are divided to four groups, as the distance of extra mass along X-axis from origin of BIW is set to 80, 85, 90 and 95 cm. The results related to each group will be introduced. These results are presented based on the following parameters:
• extra mass • the COG on Y-axis • first bending natural frequency • first torsional natural frequency
First Bending Natural Frequency
To predict the behaviour of third parameter, first bending natural frequency, by displacing the COG along X-axis, two different position of extra mass namely as symmetric about X-axis and at middle of the platform for different position of extra mass along x-axis are investigated. Fig. 11 shows the results in the case of extra mass equal to 80 cm along X-axis. The similar results were observed for the other positions of extra mass along X-axis. In the case of symmetric extra mass about X-axis, by adding the extra mass, higher values for first bending natural frequency can be achieved. However, removing the mass from middle of the platform contributes to higher values of first bending natural frequency.
First Torsional Natural Frequency
The same procedure is conducted to predict the behaviour of forth parameter, first torsional natural frequency, by displacing the COG along X-axis. Two different position of extra mass namely as symmetric about X-axis and at middle of platform for different position of extra mass along X-axis are examined. Fig. 12 shows the results for the case of extra mass equal to 80 cm along X-axis. The similar results were observed for the other positions of extra mass along X-axis. In the case of symmetric extra mass about X-axis, by adding the extra mass, higher values for first torsional natural frequency can be achieved. However, removing the mass from middle of the platform contributes to higher values of first tensional natural frequency.
Conclusions
The first bending and torsional natural frequencies of simplified BIW of automotive body by considering the specified COG and developed a subroutine that can distribute the mass was investigated. It can be noted that:
• adding the extra mass symmetrically (about longitudinal axis) helps to improve the first bending and torsion natural frequencies, rather than on the longitudinal axis (X-axis). • removing the mass along the longitudinal axis (X-axis) leads to have higher values in the case of first bending and natural frequencies. 
